ESL-TR-82-41 


THE  EFFECTS  OF  WEATHER  ON  RAPID 
RUNWAY  REPAIR  (VOLUME  II  OF  II) 


WHITEHEAD.  J.M..  HOFFMAN.  M.D..  POTTER.  P.E.. 
NEIJSWANGER.  C.P..  WILDING.  M.M. 

THE  BOM  CORPORATION 
7915  JONES  BRANCH  DRIVE 
McLEAN  VA.  22102 


MAY  1983 

FINAL  REPORT 

30  JUN  1982  -  5  NOV  1982 


;  - 


ENGINEERING  &  SERVICES  LABORATORY 
AIR  FORCE  ENGINEERING  &  SERVICES  CENTER 
TYNDALL  AIR  FORCE  BASE,  FLORIDA  32403 


83  07  056 

Best  Available  Copy 


NOTICE 


r,5'/WffW-^JT5TO'55S*’’'W->iiw'v^  vv,'T'l‘ 


Please  do  not  request  copies  of  this  report  from 
HQ  AFESC/RD  (Engineering  and  Services  Laboratory), 
Additcnal  copies  m  be  purchased  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 

Federal  Government  agencies  and  their  contractors 
registered  with  Defense  Technical  Information  Center 
should  direct  requests  for  copies  of  this  report  TO: 


Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  Virginia  22314 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  This  PAGE  (Whtn  Dot*  Enttfd) 

_ _ _ _ . _ _ _ _ _ _ _ 1 _ _ _ L 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

t.  REPORT  NUMBER 

ESL-Tk- 82-41 

2.  GOVT  ACCESSION  NO. 

I'm-  niicyjo 

1.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (*nd  Submit) 

The  Effects  of  Weather  on  Rapid  Runway  Repair 
(Volume  II  of  tl) 

5'  TYf’inalf,¥eportPERI00  C0VERE0 

30  Jun  82  -  5  Nov  82 

6-  peTOn42^-9^t  NUM8ER 

7-  author/*; 

aHIT?HSAD,  J  M.  HOFFMAN,  M  D,  Potter,  P  G, 
Neusfcanger,  J  P,  wilding,  M  M. 

8.  CONTRACT  OR  GRANT  NUMBERf*; 

F0863  5- 80-C-0  206 

9.  PEHFC.IM'NG  ORGANIZATION  NAME  AND  ADDRESS 

The  BDM  Cor* 

7915  Jones  Brandi  Drive 

McLean  VA  2? '.02 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  8  WORK  UNIT  NUMBERS 

JON  26211008 

PE  64708F 

I).  CON  .'ROLLING  OFFICE  NAME  AND  ADDRESS 

•Engineering  and  Services  Laboratory  (RDCR) 

A>r  Force  Engineering  and  Services  Center 

Tyndall  AFB  FL  32403 

12.  RERDRT  OATE. 

Mav  1983 

11  HgJ4B£R  OF  PAGES 

14.  MONITORING  AGENCY  NAME  0  ADDRESS (II  dllltrtnt  Irtm  Controlling  Otltc*) 

is.  security  class,  (oi  ihi *  ,»po,t; 

UNCLASSIFIED 

IS*.  DECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 


i«  distribution  statement  (o i  t 

Distribution  Unlimited:  Approved  for  Public  Release 


17.  distribution  statement  (at  m*  *A*ir*ci  *ni*r*d  in  Oloek  30.  ii  diil***n i  ttom  Mopon) 


<•.  supplementary  notes 

Availability  of  this  report  is  specified  on  reverse  of  Front  Cover. 


I*.  KEY  »OROt  (Co- tltmt*  on  nwm  old*  U  n*t*o**ty  Idonilty  0*  Mot k  numktt) 

Rapid  Runway  Repair 
Bomb  Damage  Repair 
leather  Effects 


to.  abstract  (Contlnu*  an  rortto*  old*  II  noettoot*  and  idonilty  8,  Mot*  numOtt) 

’This  technical  report  is  divided  into  two  volumes.  Volume  I  contains  the 
technical  analysis  and  weather  effects  on  RRR  process  ,  while  Appendix  A, 
Weather  Data,  is  published  as  Volume  II  because  of  its  size. 

Thia  report  presents  the  results  of  a  study  to  identify  the  effects  of 
weather  on  Rapid  Runway  R  pair  (RRR).  There  are  two  major  Components  of  the 
study  The  first  characterizes  the  aspects  of  weather  that  affect  RRR,  by  arei 
for  Korea,  Europe,  and  England.  Graphs  present  data  on 


DO  1473  coition  of  *  mov  as  is  obsolete  UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  RAGE  33»  Cm  tod) 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  This  PAOEflfhwi  Dmf  Enltrta 


temperature,  precipitation,  visibility,  wind,  and  humidity.  The  second 
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APPENDIX  A 


WEATHER  DATA 


The  following  Is  a  graphical  presentation  of  the  weather  conditions 
which  occur  in  the  English,  German  and  Korean  theaters.  USAFETAC  collected 
and  compiled  the  data  used  for  this  characterization;  most  were  contained 
in  RUSSWOs  (Revised  Uniform  Sunmaries  of  Surface  Weather  Observations). 
The  data  were  based  on  variable  periods  of  record,  ranging  from  a  few  to 
many  years.  Each  of  the  summaries  is  derived  from  observations  taken  at 
hourly  intervals. 

For  some  weather  conditions,  the  percentage  frequency  of  occurrence  is 
less  than  1  percent  for  all  observations.  This  occurs  in  four  major  data 
categories: 

(1)  Observations  of  snow  or  freezing  rain  in  sunnier  months, 

(2)  Observations  of  temperatures  <  32°F  in  sunnier  months, 

(3)  Qbservai  ^ons  of  temperatures  >  80°F  in  winter  months,  and 

(4)  Observations  of  low  visibility  in  summer  months. 

In  these  cases,  the  graphs  are  omitted. 

Maximum  (minimum)  values  across  a  theater  were  computed  by  averaging 
the  maximum  (minimum)  values  recorded  for  each  airbase  within  the  theater. 

The  worst  case  was  assumed  to  be  the  largest  (smallest)  observation 

recorded  for  the  entire  theater.  Thus,  since  the  English  theater  consists 
only  of  Upper  Heyford,  the  maximum  (minimum)  value  is  also  the  worst  case. 
Data  summaries  labeled  "Worst  Case  -  Worldwide*  Indicate  the  maximum  (Min¬ 
imum)  values  recorded  in  the  10  airbases  considered  in  this  study. 

In  calculating  mean  va'ues  over  several  airbases,  some  round-off  error 
is  naturally  produced.  Values  strictly  less  than  1  percent  were  rounded 
off  to  be  0  percent;  otherwise,  the  number  was  rounded  up  for  decimal  por¬ 
tions  greater  than  or  equal  to  .5.  As  a  result,  percent  of  occurrence  of 
exclusive  events  does  not  always  sun  to  100  percent. 

The  daca  summaries  are  grouped  into  these  five  categories  of  condi¬ 
tions: 


(1)  Temperature, 

(2)  Precipitation, 

(3)  Visibility, 
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(4)  Wind  and  Wind  Chili,  and 

(5)  Relative  Humidity. 

An  example  is  given  with  each  set  of  graphs  to  illustrate  the  statis¬ 
tics  represented.  In  these  discussions,  the  phrases  "of  the  time"  and  "of 
the  observations"  are  assumed  to  be  synonymous. 


a 


1 .  TEMPERATURE 


a.  Monthly  Temperature  Ranges 

For  each  airbase  in  a  theater,  the  maximum  and  minimum  tempera¬ 
tures  were  recorded  every  day  within  a  given  month.  Three  types  of  statis¬ 
tics  were  subsequently  calculated  from  this  data.  The  mean  maximum  (mini¬ 
mum)  temperature  was  computed  by  averaging  all  the  maximum  (minimum)  tem¬ 
peratures  recorded  within  the  theater. 

The  largest  (smallest)  of  the  maximum  (minimum)  temperature 
observations  for  each  airbase  was  determined.  These  values  were  averaged 
across  each  theater  to  calculate  the  absolute  maximum  (absolute  minimum) 
temperature.  The  greatest  and  smallest  of  these  values  were  labeled  as 
worst- case  temperatures  of  the  theater. 

The  annual  mean  maximum  (annual  mean  minimum)  was  computed  by 
averaging  the  mean  maximum  (minimum)  over  the  12  months. 

FXAMPLE:  At  Upper  Heyford  in  January,  the  mean  daily  minimum 
temperature  is  22°F  (Figure  A-l).  However,  an  absolute  minimum  temperature 
of  8°r  has  also  been  recorded  in  January.  That  is,  among  the  daily  minimum 
temperatures  averaged  together  to  obtain  a  mean  of  22°F,  the  lowest 
recorded  was  8°F. 

EXAMPLE:  On  the  graph  labeled  “Worst  Case:  Korea"  (Figure  A-5), 
the  lowest  temperature  in  March,  11°F,  is  the  minimum  of  all  values 
recorded  In  March  at  Osan  and  Kunsan.  This  is  in  distinction  to  the  abso¬ 
lute  minimum  shown  in  Figure  A-3,  where  the  minimum  temperatures  recorded 
at  Osan  and  Kunsan  are  averaged,  yielding  a  value  of  15°  for  March. 
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Temperature  Ranges,  Mean  of  German  Airbases. 


Monthly  Temperature  Ranges,  Korea:  Mean  of  Osan  and  Kunsan. 


IgPPfWBWBWJ  J UL  •  - j JJ.  I  j.K^ppj^ 


-■.'f;  -.>-1  M>  f  i  '.-.fA  «.-.:sv>rJ'>  »>•-•  .r*v«.»w-^ r-iw i-v-co.^ s*7Tr^rw«r-nr 


X 

< 

T 


8 


Z 

X 

cn 

CD 

< 


(  i 


<4)  3aniva3dw3i 


7 


Figure  A-4.  Monthly  Temperature  Ranges,  Worst  Case:  Germany. 


Monthly  Temperature  Ranges,  Worst  Case:  Korea. 
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b.  Oaily  Minimum/Mean/Maximum  Temperature  Range 

For  each  airbase  in  a  theater,  the  temperature  was  recorded 
hourly.  These  data  were  combined  into  24-hour  groups  and  daily  maximum, 
daily  mean,  and  daily  minimum  temperatures  were  determined.  Tables  were 
subsequently  calculated  to  represent  frequency  of  occurrence  of  these  tem¬ 
peratures.  These  probabilities  of  occurrence  were  averaged  across  each 
theater  to  derive  the  frequency  of  occurrence  for  the  theater.  The  follow¬ 
ing  set  of  graphs  Indicates  that,  for  each  month,  98  percent  of  all  dally 
minimum  (mean/maximum)  temperatures  fall  within  the  range,  1  percent  lie 
above  the  range,  and  1  percent  lie  below  the  range. 

For  the  worst  case  graphs,  the  minimum  (maximum)  value  for  the 
theater  represents  the  lowest  (highest)  1-percent  level  of  all  bases  in 
that  theater.  Since  these  contain  data  from  several  airbases,  it  is  no 
longer  true  that  exactly  98  percent  of  the  values  fall  within  the  range. 
In  fact,  these  curves  contain  more  than  98  percent  of  the  values. 

EXAMPLE:  In  January  at  Upper  Heyford  (Figure  A-7),  98  percent  of 
the  daily  mean  temperatures  are  between  22°F  and  53°F,  1  percent  are  less 
than  22°F,  and  1  percent  are  greater  than  53°F. 
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figure  A-6.  Dally  Minimum  Temperature  Range,  Upper  Heyford. 


Figure  A-7.  Daily  Mean  Temperature  Range,  Upper  Heyford. 
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Figure  A-8.  Daily  Maximum  Temperature  Range,  Upper  Heyford. 
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igure  A-9.  Daily  Minimum  Temperature  Range,  Mean  of  German  Airbases. 


Figure  A-10.  Daily  Mean  Temperature  Range,  Mean  of  German  Airbases. 


t  -*• 


*■ 

I 

1 

I 

+ 

I 


I 


<d0>  3ynivy3dH3i 


15 


Figure  A-ll.  Daily  Maximum  Temperature  Range,  Mean  of  German  Airbases. 
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Figure  A- 1 2 .  Daily  Minimum  Tempe  ature  Range,  Korea:  Mean  of  Osan  artd  Kunsan. 
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Figure  A-13.  Daily  Mean  Temperature  Range,  Korea:  Mean  of  Osan  and  Kunsan. 
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Figure  A- 14.  Daily  Maximum  Temperature  Range,  Korea:  Mean  of  Osan  and  Kunsan. 


Figure  A-16.  Daily  Mean  Temperature  Range,  Worst  Case:  Germany. 


Range,  Worst  Case:  Germa 


22 


Worst  Case:  Korea. 


Figure  A-20.  Daily  Maximum  Temperature  Range,  Worst  Case 


c.  frequency  of  Occurrence  for  Indicated  Temperatures 

This  set  of  graphs  indicates  daily  patterns  of  temperature  by 
month.  The  temperature  Is  recorded  hourly  for  each  airbase  and  then  Is 
grouped  Into  the  Intervals  Indicated  on  the  graphs.  These  statistics  were 
determined  by  calculating  the  percentage  of  those  recorded  values  that  fall 
within  each  temperature  range.  The  resulting  percentage  frequencies  were 
averaged  across  each  theater. 

EXAMPLE  1:  In  January  at  Upper  Heyford  (Figure  A-21),  11  percent 
of  temperatures  from  9:00  a.m.  to  11:00  a.m.  range  from  0°F  to  32°F;  the 
rest  of  the  time  (89  percent  of  the  recorded  values),  the  temperature  Is 
between  32°F  and  67°F. 

EXAMPLE  2:  Consider  the  Korean  theater  in  July  (Figure  A-39) 
from  12:00  a.m.  to  2:00  a.m.  During  these  hours,  approximately  14  percent 
of  the  temperatures  were  between  32°F  and  67°F,  76  percent  of  the  tempera¬ 
tures  were  between  67°F  and  80°F,  and  10  percent  of  the  temperatures  were 
greater  than  80°F. 
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Figure  A-21 .  Frequency  of  Occurrence  for  Temperature  (T  °F),  Upper  Heyford. 
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Figure  A-22.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Upper  Heyford. 
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Figure  A-27.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Upper  Heyford. 
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Figure  A-29.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Upper  Heyford. 


Figure  A- 30.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Upper  Heyford 


Figure  A-32.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Upper  Heyford 


frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases. 


Figure  A-34.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases 


Figure  A-3S.  Frequency  of  Occurrence  for  Temper, 


Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases. 
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Figure  A-37.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases 
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Figure  A- 38.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases. 
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Figure  A-41.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases. 
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Figure  A-44.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  Korean  Airbases. 
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Ffgure  A-5G.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  German  Airbases 


Figure  A-51.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  German  Airbases. 


qoency  of  Occurrence  for  Temperature  (T  F),  Mean  of  German  Airbases 


Figure  A-54.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  German  Airbases. 


Figure  A-55.  Frequency  of  Occurrence  for  Temperature  (T  °F),  Mean  of  German  Airbases 


Mean  of  German  Airbases. 


d.  Duration  of  Extreme  Temperatures 

(1)  Temperature  <  32°F 

(2)  Temperature  >  80°F,  85°F,  90°F 

These  graphs  represent  unconditional  durations  of  temperatures 
for  at  least  the  number  of  hours  indicated.  If  the  temperature  was  recorded 
to  be  below  freezing  for  three  consecutive  hourly  observations,  the  events 
recorded  would  be:  three  observations  occur  in  subfreezing  temperatures 
which  last  at  least  2  hours;  three  observations  occur  in  subfreezing  tem¬ 
peratures  which  last  at  least  1  hour;  and  three  observations  occur  in  sub¬ 
freezing  temperatures  which  last  at  least  “0  hours"  (that  is,  three  obser¬ 
vations  of  subfreezing  temperatures  occur). 

EXAMPLE:  Consider  the  duration  of  temperature  <  32°F  in  January 
at  Upper  Heyford  (Figure  A-57).  Approximately  7  percent  of  the  recorded 
observations  were  temperatures  below  freezing  that  lasted  at  least 
10  hours.  The  conditional  probability  of  the  duration  can  be  calculated  by 
considering  the  ratio  of  this  value  to  the  percent  of  time  that  any  sub¬ 
freezing  observations  were  made. 

In  the  same  graph,  then,  note  that  approximately  13  percent  of 
the  observations  recorded  temperatures  less  than  32°F.  Thus,  7/13  =  .54 
Indicates  that  in  54  percent  of  the  observations  where  temperature  is 
recorded  to  be  below  freezing,  the  subfreezing  temperature  lasts  at  least 
10  hours. 


Similar  arguments  can  be  made  concerning  the  graphs  of  extremely 
high  temperatures. 

Note  that  the  worst- case  situation  was  defined  to  be  the  base 
that  recorded  the  longest  duration  of  extreme  temperatures. 
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Figure  A-58.  Duration  of  Temperature  -  32  °F,  Upper  Heyford  -  February. 
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Figure  A-59.  Duration  of  Temperature  -  32  °F,  Upper  h'eyford  -  November. 
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Figure  A-61 .  duration  of  Temperature  -  32  °F,  Worst  Case  in  Germany:  Hahn  AFB  -  January. 
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Figure  A-62.  Duration  of  Temperature  =  32  °F,  Worst  Case  in  Germany:  Hahn  AFB  -  February. 
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Figure  A-64.  Ouratfon  of  Temperature  “  3?  F,  Worst  Case  In  Germany:  Hahn  AFB  -  November 


Fiqun?  A-65.  Duration  of  Temperature  *  32  F,  Worst  Case  in  Germany:  Hatm  AFB  -  December. 
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Figure  A-66.  Ouration  of  Temperature  =  32  F,  Worst  O'.se  in  Korea:  Osan  AFB  -  January. 
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Fisure  A-68.  Ouration  of  Temperature  S  32  °F,  Worst  Case  in  Korea:  Osar,  AFB  -  March 


Figure  A-69.  Duration  of  Temperature  =  32  F,  Worst  Case  in  Korea:  Osan  AFB  -  November. 


Duration  of  Temperature  =  32  F,  Worst  Case  in  Korea:  Osan  AFB  -  December 
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Figure  A-71.  Ouration  of  Indicated  Temperatures,  Worst  Case  in  Germany:  Ramstein  AFB  -  June. 
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Figure  A-7 2.  Duration  of  Indicated  Temperatures ,  Worst  Case  in  Germany:  Ramstein  AFB  -  July. 


Figure  A-73.  OufUion  of  Indicated  Temperatures,  Worst  Case  in  Germany:  Ramstein  AFB  -  August 


Figure  A- 74.  Duration  of  Indicated  Temperatures,  Worst  Case  in  Korea:  Osan  AFB  -  June. 


figure  A-/?.  {juration  of  Indicated  Temperatures ,  Worst  Case  in  Korea:  Osan  AFB  -  September. 


2. 


PRECIPITATION 


In  considering  precipitation,  it  is  important  to  first  note  the  fol¬ 
lowing  items: 

(1)  An  observation  of  precipitation  is  recorded  for  the  hour  only  if 
precipitation  occurs  at  the  moment  of  the  observation. 

(2)  More  than  one  form  of  precipitation  may  be  recorded  with  the  same 
observation. 

(3)  The  forms  of  precipitation  are  defined  below. 

a.  Thunderstorms  -  reported  occurrence  of  thunderstorms,  tor¬ 
nadoes  and  waterspouts. 

b.  Rain  and/or  drizzle  -  all  liquid  precipitation  falling  to 
the  ground,  but  not  freezing. 

c.  Freezing  rain  and/or  freezing  drizzle  -  precipitation  fall¬ 
ing  in  liquid  form,  but  freezing  on  contact. 

d.  Snow  and/or  sleet  -  snow,  snow  pellets,  sleet,  ice  crystals. 
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a.  Estimates  for  2-Year  1-Hour  Rainfall 

These  rainfall  Intensity  estimates  we»*e  determined  by  a  method 
described  in  Reference  1.  A  1-hour  rainfall  indicates  the  rainfall  lasts 
for  an  hour;  a  2-year  rainfall  is  one  which  has  an  annual  probability  of 
occurrence  of  1/2  =  .5. 

EXAMPLE:  In  Upper  Heyford,  a  rainfall  that  potentially  occurs 

once  every  other  year  has  an  estimated  intensity  of  .32  inches/hour 
(Table  A-l). 


TABI£  A-l.  ESTIMATES  FOR  2-YEAR  1-HOUR  RAINFALL 


UPPER  HEYFORD 

.32 "/HR 

QITBURG 

.50 “/HR 

i 

HAHN 

.51 "/HR 

l 

RAMSTE1N 

. 45 “/HR 

RHEIN-MAIN 

.58 “/HR 

SEMBACH 

.69 “/HR 

SPANGOAHLEM 

.68 “/HR 

ZWEIBRUCKEN 

.70 “/HR 

KUNSAN 

1 . 8“/HR 

03AN 


2.2VHR 


*«r5wt  •’  ■ 


^  i.  ^ggwi|.^JHi|.Pi|.i"  .  »"n~  *y^!T!FV',-yTVr'i'X‘*: 


v  '  •>.?  vuf  j. i  jv’SHWB 


b.  Maximum  Amounts  of  Dally  Preclpitation/Snowfall/Snowdepth 

For  each  airbase  in  a  theater,  precipitation  was  measured  at 
hourly  Intervals.  These  data  were  combined  Into  24-hour  groups  and  daily 
maximum  amounts  of  precipitation  were  determined.  The  mean  maximum  preci¬ 
pitation  was  computed  by  averaging  these  values  across  each  theater.  Next, 
the  largest  o  the  maximum  precipitation  observations  for  each  airbase  was 
determined.  These  values  were  averaged  across  each  theater  to  calculate 
the  absolute  maximum  precipitation.  The  greatest  of  these  values  was 
labeled  as  worst-case  precipitation  of  the  theater. 

For  each  year  in  the  period  of  record,  monthly  mean  maximum  pre¬ 
cipitation  values  were  averaged.  Each  of  these  yearly  means  were  then 
avoraged  to  produce  an  annual  mean  maximum  precipitation  for  each  airbase. 
The  annual  mean  maximum  for  the  theater  was  found  by  averaging  the  values 
for  each  airbase  in  the  theater. 


Similar  argument4-  can  be  made  for  snowfall  and  snowdepth. 

EXAMPU:  Consider  Upper  Heyford  In  May  (Figure  A-78).  The  graph 
indicates  that  the  average  maximum  amount  of  daily  precipitation  is  approx¬ 
imately  .6  inches,  wherea-  the  absolute  maximum  value  recorded  in  May  is 
2.2  inches.  A1co  r.ote  that  the  annual  mean  maximum  amount  of  precipita¬ 
tion,  1.2  Indies,  is  indicated  tv  the  right  ot  the  chart. 
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Figure  A-78.  Maximum  Amounts  of  Daily  Precipitation,  Upper  Heyford. 


Figure  A-79.  Maximum  Amounts  of  Daily  Precipitation,  Korea:  Mean  of  Osan  and  Kunsan. 


Figure  A-80.  Maximum  Amounts  of  Daily  Precipitation,  Mean  of  German  Airbases 


Figure  A-81 .  Maximum  Amounts  of  Oaily  Precipitation,  Worst  Case:  Korea  and  Germany 


Maximum  Amounts  of  Daily  Snowfal 


Amounts  of  Daily  Snowfall,  Mean  of  German  Airbaser. 
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Figure  A-87.  Maximum  Amounts  of  Daily  Snowdept^.  Upper  Hey ford. 
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igure  A-89.  Maximum  Amounts  of  Daily  Snowdepth,  Korea:  Mean  of  Osan  and  Kunsan. 


c.  Dally  Amounts  of  Preclpltation/Snowfall/Snowdepth 

For  each  airbase  In  a  theater,  the  amount  of  precipitation  was 
measured  at  hourly  Intervals.  These  data  were  combined  Into  24-hour  groups 
to  determine  dally  precipitation  levels.  This  set  of  graphs  Indicates 
dally  occurrences  of  precipitation  by  month.  The  statistics  for  each  air¬ 
base  are  calculated  by  determining  the  percentage  of  recorded  observations 
that  fall  within  each  range  of  precipitation  levels.  These  probabilities 
were  then  averaged  across  each  theater. 

Similar  arguments  can  be  made  for  snowfall  and  snowdepth. 

Note  that  Figures  A-116  to  A-127  represent  only  Osan  Airbase, 
Korea  since  data  were  unavailable  for  Kunsan  Airbase  in  this  category. 

EXAMPLE:  Consider  Upper  Heyford  in  January  (Figure  A-92). 

Approximately  29  percent  of  the  days  recorded  received  no  precipitation, 
21  percent  received  only  a  trace  and  1  percent  received  from  .51  to 
1.0  Inches. 
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Figure  A-93.  Daily  Amounts  of  Precipitation,  Upper  Heyford  in  February. 
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Figure  A-97.  Daily  founts  of  Precipitation,  Upper  Heyford  in  June. 
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Pityun?  A- I (5*3.  Ot \\'iy  Amounts  of  Precipitation,  Upper  Heyford  in  September. 
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r'ec ipi  ta ti on  ,  Upper  Heyford  in  November. 
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Figure  A-104.  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  January. 


Amounts  of  Precipitation,  Mean  of  German  Airbases  in  February. 


Figure  A-106.  Da’ly  Amounts  of  Precipi tation,  Mean  of  German  Airbases  in  March 


Figure  A-107.  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  April. 
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Figure  A-108.  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  May. 


Amounts  of  Precipitation,  Mean  of  German  Airbases  in  June 


Figure  A- 1 1 0 .  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  July. 


Figure  A- 111.  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  August. 


figure  A--?}  2.  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  September. 


Figure  A-U3.  Daily  Amounts  of  Precipitation,  Mean  of  German  Airbases  in  October 
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igure  A-116.  Daily  Amounts  of  Precipitation,  Osan  AFB,  Korea  in  January. 
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Figure  A-119.  Daily  Amounts  of  Precipitation,  Osan  AFB,  Korea  in  April. 
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Figure  A-126.  Daily  Amounts  of  Precipi tation,  Osan  AFB,  Korea  in  November 
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Figure  A-127.  Daily  Amounts  of  Precipitation,  Osan  AFB,  Korea  in  December 


figure  A- 128.  Daily  Amounts  of  Snowfall,  Upper  Heyford  in  January. 
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Figure  A-l?9.  Oaily  Amounts  of  Snowfall,  Upper  Heyford  in  February. 
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Daily  Amounts  of  Snowfall,  Upper  Heyford  in  March. 
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Figure  A- 131.  Daily  Amounts  of  Snowfall,  Upper  Heyford  in  April. 


Snowfall,  Upper  Heyford  in  November. 
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Figure  A- 133.  Daily  Amounts  of  Snowfall,  Upper  Heyford  in  December. 


Amounts  of  Snowfall,  Mean  of  German  Airbases  in  January. 
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Figure  A-13S.  Daily  Amounts  of  Snowfall,  Mean  of  German  Airbases  in  February. 


ily  Amounts  of  Snowfall,  Mean  of  German  Airbases  in  March. 
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Ddfl y  Amounts  of  Snowfall,  Mean  of  German  Airbases  in  November. 
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Figure  A-Mt.  Daily  Amounts  of  Snowfall,  Mean  of  Korean  Airbases  in  February. 


ffqur 3  A- 142.  fraily  Amounts  of  Snowfall,  Mean  of  Korean  Airbases  in  March. 
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igure  A- 143.  Daily  Amounts  of  Snowfall,  Mea 
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Figure  A-144.  Daily  Amounts  cf  Snowfall,  Mean  of  Korean  Airbases  in  December. 
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Figure  A-146.  Daily  Amounts  of  Snowdepth,  Upper  Heyford  in  February. 
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Figure  A-»48.  Daily  Amounts  of  Snowdepth,  Upper  Heyford  in  November. 
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Figure  A-149.  Daily  Amounts  of  Snowdepth,  Upper  Heyford  in  December. 


Figure  A- 151,  Daily  Amounts  of  Snowdepth,  Mean  of  German  Airbases  in  February. 
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figure  A- 154,  QaHy  Amounts  of  Snowdepth,  Mean  of  German  Airbases  in  December. 


Fhfvrut  Daily  Amount*  of  Snowdepth,  Mean  of  Korean  Airbases  in  February. 


Figure  A-157.  Oaily  Amounts  of  Snowdepth,  Mean  of  Korean  Airbases  in  March. 


Daily  Amounts  of  Snowdepth,  Mean  of  Korean  Airbases  in  November. 


Figure  A-159.  Oaily  Amounts  of  Snowdepth,  Mean  of  Korean  Airbases  in  December. 


d.  Frequency  of  Occurrence  of  Weather  Conditions 

These  graphs  break  down  the  occurrence  of  precipitation  into 
observations  of  rain,  freezing  rain,  snow  or  thunderstorms.  For  each  base 
and  each  month,  the  percent  of  total  observations  that  record  each  type  of 
precipitation  Is  calculated.  These  percentages  are  averaged  across  ail 
bases  in  the  theater  to  produce  the  frequency  of  occurrence  for  the 
theater.  The  worst  case  is  considered  to  be  the  maximum  frequency  of 
occurrence  of  each  type  of  precipitation  across  the  theater.  Again,  incon¬ 
sistency  occurs  since  more  than  one  condition  is  sometimes  recorded  during 
the  same  observation. 

EXAMPLE:  Consider  the  German  theater  in  January  (Figure  A- 161). 
For  the  mean  of  the  German  airbases  during  this  month,  approximately  i  per¬ 
cent  of  the  observations  record  freezing  rain/drizzle;  snow/sleet  is 
observed  9  percent  of  the  time;  and  rain  occurs  in  15  percent  of  the 
monthly  observations. 
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Frequency  of  Occurrence  of  Weather  Conditions,  Upper  Heyford 
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figure  A-161.  frequency  of  Occurrence  of  Weather  Conditions,  Mean  of  German  Airbases. 


-162.  Frequency  of  Occurrence  of  Weather  Conditions,  Mean  of  Korean  Airbases. 


requency  o<:  Occurrence  of  Weather  Conditions,  Worst  Case:  Germany. 


Figure  A- 16<1,  frequency  of  Occurrence  of  Weather  Conditions,  Worst  Case 


e.  Maximum  Amounts  of  Precipitation 

Table  A-2  represents  maximum  intensity  rainfall  and  snowfall  by 
country  as  compiled  by  ETAC.  Note  that  this  table  indicates  nothing  about 
the  frequency  of  occurrence  of  these  events.  The  data  represent  the  great¬ 
est  amount  recorded  for  each  irdicated  duration. 

EXAMPLE:  The  table  shows  that  for  a  storm  lasting  4  hours  in 

Korea,  10.5  Inches  of  rainfall  are  the  greatest  amount  observed  to  date. 
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f.  Ouration  of  Precipitation 

These  sets  of  graphs  represent  the  conditional  duration  o'  ■:  %y 
kind  of  precipitation.  That  Is,  the  data  show  the  number  of  hours  that 
precipitation  lasts, given  that  It  occurs. 

Recall  that  these  are  produced  from  hourly  observations.  Tnus, 
if  the  duration  of  precipitation  Is  2  hours,  it  could  have  been  raining  for 
120  minutes  or  it  could  have  rained  only  5  minutes  in  each  hour.  A  long 
period  of  record  is  required  ro  av>-> >:  rfy-ioiis  problems. 

These  statistics  were  derived  by  considering  the  ratio  of  the 
unconditional  duration  of  precipitation  to  the  percent  of  time  that  anv 
precipitation  observations  were  made.  In  computing  these-  value,,  some 
round-off  error  was  likely  to  occur  within  each  ■.  irne  interval.  Th*s  error 
could  be  as  great  as  .5  x  (’lumber  r-f  1  ':*•*•/>' s'  *  *  eon  had  a  let*'  « *  :or 
tion  of  .5  and  had  been  rounded  op.  *" is;  theme-*,  ’’be  percentc.nn-j  *'-r  :ac 
interval  were  averaged  across  the  theater.  Thus,  even  though  rhe -e  '“ore 
sent  exclusive  events,  the  total  percent  of  occurrence  may  not  sum  t; 
100  percent. 

EXAMPLE:  Consider  Upper  Hey ford  in  January  (Figure  A- 1 65).  In 

approximately  27  percent  of  the  observations  that  recorded  precipitation 
during  this  month,  the  precipitation  lasted  less  than  1  hour.  Precipita 
tion  lasted  from  7  to  8  hours  in  4  percent  of  the  observations  of  precipi¬ 
tation. 
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Figure  A-166.  Duration  of  Precipi tation,  Upper  Heyford  -  February. 
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Figure  A- 1 68.  Duration  of  Precipitation,  Upper  Heyford  -  April. 
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Figure  A- 1 70.  Duration  of  Precipitation,  Upper  Heyford  -  June. 


40 


in  a  in  o  in  o 

cn  (t>  c\j  r\j  — 

A3N3n03d3  33VJLN3383d 


186 


100 


187 


Figure  A- 172.  Duration  of  Precipitation,  Upper  Heyford  -  August. 
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Figure  A-174.  Duration  of  Precipitation,  Upper  Heyford  -  October. 
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'ation  of  Precipitation,  Mean  of  German  Airbases  -  April. 


Ouration  of  Precipitation,  Mean  of  German  Airbases  -  May 
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Figure  A-183.  Duration  of  Precipitation,  Mean  of  German  Airbases  -  July. 
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Figure  A-195.  Duration  of  Precipitation,  Mean  of  Korean  Airbases  -  July. 
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Figure  A- 1 96 .  Duration  of  Precipitation,  Mean  of  Korean  Airbases  -  August. 
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of  Korean  Airbases  -  October. 
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VISIBILITY 


Horizontal,  or  ground  visibility  Is  defined  as  the  greatest  distance, 
during  the  day,  from  which  a  dark  object  can  be  recognized  against  the  hori¬ 
zon  sky;  at  night  it  is  the  greatest  distance  from  which  a  moderately  intense 
light  can  be  seen. 


a.  Frequency  of  Occurrence  of  Indicated  Visibilities: 

V  <  1/4,  5/16,  1/2  Mile 

For  each  airbase  in  a  theater,  visibility  was  recorded  at  hourly 
Intervals.  These  statistics  were  computed  by  determining  the  percentage  of 
those  observations  that  were  within  each  visibility  range  for  the  month. 
The  highest  frequency  of  occurrence  of  low  visibility  ranges  was  assumed  to 
be  the  worst  case.  Only  worst-case  data  are  included  for  Germany  and  Korea 
since  mean  values  were  very  low. 

EXAMPLE:  Consider  Upper  Heyford  in  January  (Figure  A-201 ) .  Dur¬ 
ing  this  month,  6  percent  of  the  observations  recorded  >'isibil- 
ity  <  1/2  mile;  4  percent  recorded  visibility  <  5/15  mile;and3  percent  had 
a  vi?ibility  of  <  1/4  mile. 
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Figure  A-201 .  Frequency  of  Occurrence 


Figure  A-202.  Frequency  of  Occurrence  of  Indicated  Visibilities,  Worst  Case:  Germany. 


Figure  A-203.  Frequency  of  Occurrence  of  Indicated  Visibilities,  Worst  Case 


b.  Duration  of  Visibility  £  990  Feet 

These  graphs  represent  unconditional  duration  of  visibility  for 
at  least  the  number  of  hours  indicated.  The  cordltlonal  probability  or  tne 
duration  could  be  calculated  by  considering  Lhe  ratio  of  unconditional 
duration  of  visibility  <  990  feet  to  the  percent  of  total  observations  of 
visibility  £  990  feet. 

The  worst  case  worldwide  was  considered  to  show  that  lew  visi¬ 
bility  is  generally  not  a  problem  in  any  of  the  three  the  •trrs . 

EXAMPLE:  Consider  Figure  A-201.  In  January,  only  5  percent  of 
the  total  number  of  observations  recorded  the  visibility  to  be  <  990  feet. 
Approximately  1  percent  of  the  observations  were  from  periods  where  the 
visibility  was  <  990  feet  for  at  least  5  hours  Thus,  the  conditional 
duration  is  1/5  =0.20.  That  is,  giver,  that  the  visibility  was  recorded  to 
be  £  990  feet,  20  percent  of  the  time  the  visibility  remained  at  that  level 
for  at  least  5  hours. 
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Worst  Case:  Worldwide  -  April. 
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igure  A-208.  Duration  of  Visibility  =  990  Feet,  Worst  Case:  Worldwide  -  October. 
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Figure  A-210.  Duration  of  Visibility  =  990  Feet,  Worst  Case:  Worldwide  -  December 


c.  Frequency  of  Occurrence  of  Indicated  Visibilities: 

V  <  400,  300,  200,  100  Meters 

Visibilities  were  recorded  hourly  for  each  airbase  in  a  theater 
and  then  grouped  by  month  according  to  the  ranges  indicated  on  the  graphs. 
The  statistics  represented  in  this  set  of  graphs  were  determined  by  calcu¬ 
lating  the  percentage  of  the  total  recorded  values  that  fall  within  each 
visibility  range. 

These  worst  case  worldwide  data  are  given  to  show  the  most  severe 
conditions  in  all  three  theaters. 

EXAMPLE:  Consider  the  frequency  of  occurrence  of  visibil¬ 

ity  <  400  meters  (Figure  A-211).  In  the  worst  case  over  all  the  airbases, 
this  occurred  in  8  percent  of  the  hourly  observations  in  February. 
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Figure  A-212.  Frequency  of  Occurrence  Visibility  <  300  Meters,  Worst  Case:  Worldwide. 


Figure  A-213.  Frequency  of  Occurrence  Visibility  <  200  Meters,  Worst  Case:  Worldwide 
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of  Occurrence  Visibility  <  100  Meters,  Worst  Case:  Worldwide. 


4.  WIND  AND  WIND  CHILL 


Wind  speeds  are  considered  In  this  characterization,  but  not  wind 
direction. 

Wind  chill  Is  a  biological  index  which  is  a  function  of  the  dry  bulb 
temperature  and  the  wind  velocity,  .'he  wind  chin  can  be  calculated  with 
the  following  equation: 

K  =  ((v  x  lOO)*5  -  v  +  10. 5)x{33  -  t) 

where 

K  =  wind  chill 
v  »  wind  valoclty  in  m/sec 
t  =  dry  bulb  temperature  in  °C. 


a.  Dai 1y  Peak  Gusts 

For  each  airbase  in  a  theater,  wind  speed  was  recorded  at  hourly 
intervals.  These  data  were  combined  into  24-hour  groups  and  the  maximum 
daily  wind  speed  was  determined.  Daily  peak  gusts  for  each  airbase  were 
calculated  by  averaging  the  maximum  daily  wind  speeds  for  each  day  in  the 
month.  These  values  were  then  averaged  across  the  theater.  The  maximum  of 
all  airbases  in  the  theater  for  every  month  was  considered  to  be  the  worst 
case. 


For  each  year  ir,  the  period  or  record,  maximum  wind  speeds  were 
averaged.  Each  of  these  yearly  means  were  then  averaged  to  produce  an 
annual  mean  maximum  wind  speed  for  each  airbase.  The  annual  mean  gust  for 
the  theater  was  found  by  averaging  the  values  for  each  airbase  in  the 
theater. 


EXAMPLE:  In  November  at  upper  Heyford,  the  average  daily  peak 

gust  was  approximately  42  knots  (Hgure  A-215).  The  mean  annual  gust  or 
51  knots  represents  the  average  of  the  annual  maximum  wind  speeds  u.er 
every  recorded  year. 
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Figure  A-216.  Daily  Peak  Gusts,  Mean  of  German  Airbases. 


h- 

(T> 

3 

O 

_) 

< 

Z) 

2 

Z 

< 

2 

< 

Hi 

X 

V 


i — , — ^ ^ — , — , — , — -♦ — i — ►  — » — ^  a 

\  :  a 

\  : 


SlONV  NI  Q'33d5 


238 


Figure  A-217.  Oaily  Peak  Gusts,  Korea:  Mean  of  Osan  and  Kunsan. 


Figure  A-218.  Daily  Peak  Gusts,  Worst  Case:  Germany. 


b.  Ninety-Ninth  Percentile  Wind  Chill  Temperatures 

Wind  chill  temperatures  were  recorded  at  hourly  intervals 
throughout  the  period  of  record.  For  each  of  the  given  airbases,  99  per¬ 
cent  of  all  wind  chill  temperatures  recorded  are  greater  than  the  value 
given  (Table  A-3). 

EXAMPLE:  At  Hahn  Air  8ase,  only  1  percent  of  the  wind  chill 

temperatures  measured  throughout  the  year  are  less  than  -2.2°F. 
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c.  Frequency  of  Occurrence  of  Wind  Speeds 

For  each  airbase  in  a  theater,  wind  velocity  was  measured  and 
recorded  at  hourly  intervals.  The  frequency  of  occurrence  of  wind  velocity 
within  the  various  ranges  indicated  on  the  graphs  was  calculated  from  these 
data.  These  values  were  then  grouped  by  month  or  annually  and  averaged 
across  the  theater.  The  highest  wind  velocity  recorded  for  each  interval 
for  each  of  the  airbases  within  a  theater  was  considered  to  be  the  worst 
case. 


EXAMPLE:  Annually,  Upper  Heyford  experiences  7-10  knot  winds  in 
approximately  31  percent  of  the  hourly  observations  recorded  (Fig¬ 
ure  A-220). 
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Frequency  of  Occurrence  of  Wind  Speeds,  Upper  Heyford. 
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Figure  A-221.  Frequency  of  Occurrence  of  Wind  Speeds,  Upper  Heyford  in  Janua 
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igure  A-223.  Frequency  of  Occurrence  of  Wind  Speeds,  Upper  Meyford  in  March. 
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Figure  A-228.  Frequency  of  Occurrence  of  Wind  Speeds,  Upper  Heyford  in  August 
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Figure  A-230.  Frequency  of  Occurrence  of  Wind  Speeds,  Upper  Heyford  in  October 
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Figure  A-23  / .  Frequency  cf  Occurrence  of  Wind  jpt-vc  Germany  ir.  April. 


Frequency  of  Occurrence  of  Wind  Speeds,  Germany  in  May. 
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frequency  of  Occurrence  of  Wind  Speeds,  Germany 


Frequency  of  Occurrence  of  Wind  Speeds,  Germany  in  July. 
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Figure  A-242.  Frequency  of  Occurrence  of  Wind  Speeds,  Germany  in  September. 
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Figure  A-243.  Frequency  of  Or  .urrence  cf  Wind  Speeds,  (.ennany  in  October. 
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Figure  A-245.  Frequency  of  Occurrence  of  Wind  Speeds,  Germany  in  December. 


Figure  A-24 Frequent,-  of  Occurrence  of  Wind  Spec-Jv,  Korea  in  January. 
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Figure  A-24S.  Crequency  of  Occurrence  of  Wind  Speeds,  Korea  in  February. 
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Figure  A -240.  Frequency  nf  Occurrence  of  Wind  Speed*;,  Korea 


equency  of  Occurrence  of  Wind  Speeds,  Korea  in  April. 


Figure  A-2S1.  Frequency  of  Occurrence  of  Wind  Speed*., 


requency  of  Occurrence  of  Wind  Speeds,  Korea  in  September 
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figure  A-256.  Frequency  of  Occurrence  of  Wind  Speeds,  Korea  in  Oct 


Figu'O  A-?57.  Frequency  of  Occurrence  of  Wind  Speeds,  Korea  in  November. 
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5.  RELATIVE  HUMIDITY 


^W.1  *  s!  Vc-t.u  .-.cc*  -rmw 


Relative  humidity  becomes  especially  important  when  measured  in  con¬ 
junction  with  temperature.  The  National  Weather  Service  has  developed  a 
Oiscomfort  Index  which  is  a  function  of  relative  humidity  and  ambient  tem¬ 
perature.  It  Is 

01  =  08  -  (.55  -  -55RH)  x  (DB  -  58) 

where  01  =  Oiscomfort  Index 

DB  =  Dry  Bulb  Temperature 

RH  =  Relative  Humidity  Expressed  as  a  Decimal 

Then  to  find  the  temperature  which  would  give  the  same  discomfort  index 
with  70  percent  relative  humidity  (a  somewhat  arbitrarily  chosen,  comfort¬ 
able,  or  average  value),  use 

T>70  “  .659  RH  x  DB  4-  .539  x  OB  -  39.204  x  RH  f  26.743 

where  T>7q  =  equivalent  temperature  at  70  percent  relative  humidity. 

In  the  example  above,  T>7q  -  96°F. 


283 


a.  Mean  Relative  Humidity 

For  each  airbase  in  a  theater,  the  relative  humidity  was  measured 
and  recorded  at  hourly  Intervals.  These  data  were  grouped  by  month  and 
averaged  across  the  theater.  The  annual  mean  relative  humidity  was  com¬ 
puted  by  averaging  the  mean  relative  humidity  for  each  airbase  over  the 
12  months.  The  worst  case  for  this  weather  condition  was  ill  defined  since 
worst  occurrences  can  be  either  high  or  low  humidity,  dependent  upon  the 
temperature.  Thus,  worst- case  data  is  omitted. 

EXAMPLE:  In  Figure  A-259,  the  mean  relative  humidity  at  Upper 
Heyford  in  July  is  approximately  72  percent.  The  annual  mean  relative 
humidity,  calculated  by  averaging  each  of  the  annual  mean  values  over  all 
the  years  of  observation,  is  approximately  78  percent. 
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f i (jure  ‘.-2b i.  Mean  Relative  Humidity,  Mean  of  Korean  Airoascs. 


b.  Ranges  of  Relative  Humidity 

For  each  airbase  In  a  theater,  relative  humidity  was  recorded  at 
hourly  intervals.  The  data  were  then  averaged  across  each  year.  These 
statistics  were  computed  by  determining  the  percentage  of  those  observa¬ 
tions  that  were  within  each  humidity  range  Indicated  on  the  graphs.  These 
probabilities  were  then  averaged  across  the  theater. 

EXAMPLE:  From  Figure  A-262,  25  percent  of  all  the  recorded  rela¬ 
tive  humidities  at  Upper  Heyford  ranged  from  70  to  80  percent. 
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fi'l'tre  A -2h2.  Ranges  of  Relative  Humidity.  Upper  Hoy  ford  -  Annual 


Figure  A-263.  Ranges  of  Relative  Humidity,  Mean  of  German  Airbases  -  Annual. 


figure  A-?6-«  Ranges  of  Relative  Humidity,  Mean  of  Korean  Airbascv  -  Annua 
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